Radiation exposure during gestation causes mutation in the fetus leading to birth defects in the newborn. On a survey of the coastal villages of Kanyakumari District, Tamilnadu, India, high levels of background radiation was detected in many of the beaches, which was suggestive of inducing mutations, and congenital abnormalities in the exposed population. To substantiate the dangerous impact of such natural radioactive emissions, we have established an avian model of irradiation-induced birth defect in chicks hatched from eggs exposed to natural radioactive beach sand. The hatched experimental chicks exhibited severe locomotor disability and extreme malformations. Our study proves for the first time, that natural beach sand radiation induces severe developmental abnormalities. The results of this experiment brings to light, the importance of radiation-protection during gestation and also the need for monitoring and cleaning up radioactive sand deposits in beaches all over the world. It is hereby suggested that high levels of natural background radiation present all over the world, would be major risk factors for the high prevalence of disability and cancer.
and egg fertility gave extreme results, and these experiments focused on intensity of irradiation as an important deciding factor (Mraz, 1971; Todorov et al., 1986; Zakaria, 1991; Gerrits and Dijk, 1992) . Experiments conducted in the plant Tradecantia paludosa, acknowledged that intensity of irradiation plays an important role in causing aberrations in the root tips of plants (Mikaelsen, 1954) . Taking this into account, two different intensities of natural radiation sources were used in this study and their impact on embryonic growth and development was studied. Here an avian model was preferred, as avian species have short generation time and are highly sensitive to many factors which induce developmental defects. Also, chicken embryonic development is well characterized anatomically, physiologically, biochemically and in terms of the molecular cues that control development (Romanoff and Romanoff, 1972) .Hence, chicken embryo was considered unique for this study.
MATERIALS AND METHODS

Radiation Analysis of the study area
The area chosen for this study was Kanyakumari district, with latitudes 8°03'and 8°35' E and longitudes 77°15' and 77° 36'N . This district is in the southernmost tip of India, with a land spread of 1,684 km². The beaches of this coastal belt were analyzed for the presence of gamma radiation, using a hand-held portable gamma radiation detector. The sand was found to be highly radioactive in some areas and the recorded level of radiation was as high as 40µSv/h, in certain pockets of the coastal line. Former studies conducted by scientists gave similar results regarding the prevalence of high background radiation, which was attributed to gamma radiation emitting from the beach sand (Saroja and Roy, 2008) . Hence this sand was hypothesized to produce dangerous impacts on human beings and living organisms. Therefore, this beach sand was taken as the radiation source material for this experiment.
Experimental Animals
Fertile domestic chicken (Gallus domesticus) eggs were collected from poultry farms of the district, and hand delivered to the laboratory. Upon arrival, all the 60 eggs were cleaned, candled, inspected for cracks, and equally distributed into 2 experimental groups and a control group.
Irradiation Procedure
The experimental eggs were kept in 3 standard incubators with incubation chambers monitored by a thermometer. The temperature of the incubation chambers were set to 37.5 ± 0.9 degrees C and humidity was checked often. Two sand bags were prepared. The first one was filled with beach sand ,which measured a gamma radiation level of 7µSv/h and the second one with sand of measured radiation level of 3µSv/h. Each of the sacks were kept at the bottom of the incubation chambers, below the trays containing the experimental eggs (N=20) and the eggs were thus incubated for 21 days. The source to egg distance was 10 cms.
Incubation Method
Each set of experimental eggs (N=20) were arranged in their respective incubators. As it is known that intensity of radiation decreases rapidly with increasing distance, care was taken to maintain uniformity in the source-to-egg distance. 15 The control eggs were incubated separately in an incubation chamber outside the premises of the experimental eggs thereby sheltering them from any possible irradiation. The temperature and humidity were checked at regular intervals. The eggs were candled after 6 days of incubation, and those without a living embryo were removed. They were candled again 18 days after incubation, and those with dead embryos were removed. These eggs were autopsied and studied. The remaining eggs were transferred to the incubator and left untouched until the 21 st day. Pipping and hatching activity were monitored approximately eight times a day from the 20 th to 22 nd day of development. Animals were handled with care in accordance with the regulations adopted and promulgated by the Ethical Committee, India. The eggs which failed to hatch on the 22 nd day, were cut open and studied.
RESULTS
All the irradiated eggs showed delayed and lesser hatchability compared to control eggs.
Only 15 % of the eggs of Group A (radiation dose 7 µSv/h) and 35 % of the eggs of Group B (radiation dose 3 µSv/h), hatched successfully (Table 1) , though they exhibited extreme malformations and lesser life span. Among the eggs of Group A, 30% remained unhatched and of Group B, 25% did not hatch ( Table 2 ). 
Morphological diagnosis of the hatched experimental chicks
All the chicks that hatched were heavily abnormal. Two of them were very weak; one was featherless. The lining of the mouth was pale, dry and anemic. One of them had subcutaneous edema, tumorous bulged stomach, one had umbilical hernia, two of them had a tumor in the vent and one had a process at the back of the neck.
All the hatched chicken had extremely malformed feet and in two cases, they were clubbed (Fig 1-G) . The irradiated chicken that hatched, showed decreased activity during olfactory aversion tests. But they showed increased activity during an open-field activity test compared to the control chickens. Two of them were almost hyperactive and showed abnormal reflexes.
Diagnosis of autopsied eggs
The eggs that did not hatch were autopsied on the 22nd day of incubation and the embryos were examined. The autopsy showed that all the chicks, though alive, were heavily malformed and died few minutes after the eggs were opened. Some of them showed growth retardation and were delayed by 5 days, in their development. The embryos on examination gave the following results. A/1 had pipped but had not hatched. On opening, we found that the chick had heavily twisted neck with the head turned upwards (Fig 1-B) . The chick was alive and kept moving in swimming movements using its wings as paddles, as the malformed neck prevented it from standing erect. The body weight was extremely low and the chick died in 2 minutes and 44 seconds.
A/5 had a malformed abdominal cavity which was open from the keel bone to the vent (Fig   1-D) . The internal organs were seen jutting out of the open cavity. The chick was underdeveloped with a growth-delay of around 9 days. The feet also showed malformation.
The chick was naked and dead at birth.
A/8 embryo had a growth near the vent from which a pus-like fluid kept oozing out. The chick was weak and unable to move. The legs and feet were malformed and locomotion was impossible (Fig 1-C) . The chick lay still but alive for 1 minute and 23 seconds.
A/9 chick also had heavily twisted neck and the size of the tibia and the bones of the limb were about half the normal size. The tibia ended at the distal epiphysis, and had consequently no distal joint surface. The metatarsus was united to the tibia about 5 mm from the distal end of this bone. The claws were crooked and pointed upwards.
A/ 12 chick was dead at birth. It had spirally twisted neck and the right eye was malformed.
The chick had very low birth weight and was rumpless. There were a few strands of down feathers and it had a process near the neck. The beak was shorter than normal and the vent was bleeding .The feet was clubbed and locomotion was impossible.
A/17 was alive but without movement. It had malformed locomotory organs. The legs were extremely thin and weak. The chick looked underdeveloped. The stomach was bulged .The lining of the mouth was extremely dry. The vent was bleeding. This chick lived for 3 minutes and 20 seconds after the egg was cut open (Fig 1-A) . 
Group B: Eggs irradiated with Beach Sand Radiation measuring 3 µSv/h.
Five of the embryos of Group B (B/1, B/4, B/7, B/13, B/19) were examined and all of them had extreme locomotor disability. But the severity of malformation was lesser compared to the embryos of Group A.
B/1 had underdeveloped limbs and the foot was abnormal. The second and third toes were almost the same size and they pointed medially unlike the normal. The abnormality was distinct (Fig 1-H) .
B/4 had an abnormal left foot with claws which were crooked. The feet showed abnormal protrusions and looked almost stuck to the body so that locomotion was highly impossible (Fig 1-E) .
B/7 had malformed locomotor organs. The No.1 toe was twisted and bent to the opposite direction. The second toe was longer than normal. The third toe was shorter and weaker and was found closely joined to the whole length of the second toe (Fig1-I).
B/13 had a foot which was extremely malformed and the toes were bent to have the shape of a 'U' (Fig 1-F) . The first and last toes were placed higher on the metatarsus than is normally found and they were facing the opposite direction and locomotion was impossible. The proportion of the toes seemed dissimilar and the claws were malformed.
The beak was not of the correct proportion and was curved at the tip resembling the beak of an eagle.
B/19 was cross-beaked with mild projections on the beak. Also the upper beak was approximately 2 mm shorter than the lower one.
DISCUSSION
The principal objective of this study was to validate the impact of natural radiation from beach sand, on the exposed population. We hypothesized that exposure to natural radioactive beach sand could be a substantial reason for the high prevalence of disability and birth defects in the coastal population of the district.
Former studies conducted on chicks by various scientists using artificial radiation, showed that chronic exposure to artificial gamma radiation of various intensities causes severe abnormalities in chicken embryos and the eggs hatch slowly (Sandvik, 1958) . Interestingly, these results are seen to be consistent with the results of the present study where the irradiated eggs hatched later than the control eggs. The level of occurrence of disability was found to be highly dependent on the intensity and duration of irradiation. The embryos exposed to higher level of radiation (Group A) had more developmental deformities than the ones exposed to lower level of radiation (Group B).In former studies by scientists, developmental abnormalities were also reported in mouse exposed to gamma rays (Kusuma and Hasegawa, 2008).
The present study also indicates that the rate of mortality is higher in irradiated eggs than in normal ones. This is in accordance with the study conducted on the egg stages of It is evidenced from the experiment that the intensity of malformations increases considerably when the intensity of radiation was raised from 3µSv/h to 7µSv/h. As the total absorbed dose would also increase with intensity, this proves that intensity of malformation depends on the total absorbed dose level. Hence, when the total absorbed dose level remains the same, the rate of malformations would also remain the same. An almost similar result was observed in the experiment conducted by Sandvik (1958) which acknowledged that in cases where the total dose remained the same, no significant difference concerning the effect of different intensity of irradiation existed.
Pipping is an energy-requiring process which is highly dependent on neck muscles. As the energy reserves needed for the process are provided by the muscles in the neck of the chicken (Romanoff, 1960) . In this experiment, the chicks which had extremely twisted and malformed necks, may not have had the energy to survive this energy-demanding process (McLaughlin et al., 1963) . Also, the orientation of the neck in the opposite direction would have posed a serious impact on nervous co-ordination, resulting in cognitive decline (Osato et al., 2010 ) eventually leading to unsuccessful pipping and hatching.
As interference with the physiological reactions contributing to growth, results in disproportionate structural alterations in the organism, this would be the reason for the malformed and disproportional bones of the experimental chickens. Furthermore, as radiation interferes with the activities of the cells, this might have been the cause for decrease in body weights of these chicks.
The effects of radiation can be severe and may not be confined to aves or other animals, but rather, affect human beings as well. The resident population exposed to continuous irradiation, is put to greater risk for neo-natal abnormalities, even when it is in low dose levels. This has also been proven by scientists who have done field study on the impacts of radiation exposure on human beings.
Former studies on human beings demonstrated that irradiation leads to severe damage of the fetus and most of the surviving children showed marked abnormalities and malformations. Reports of many scientists (Murphy, 1929; Goldstein, 1930) show that irradiated children showed micro cephaly, mental retardation, microphthalmus and cataracts. It was demonstrated that even post-pelvic radiation therapy caused damaging effects on the development of the embryo and fetus (Goldstein and Murphy, 1929) . Also, an increased prevalence of mental retardation was observed in children exposed in utero to radiation from atomic bombs in Hiroshima and Nagasaki (Plummer, 1952; Wood et al., 1967; Miller and Blot, 1972; Blot and Miller, 1973; Blot, 1975; Miller and Mulvill, 1976) .
Based on all these observations, it is postulated here that natural gamma irradiation during gestational period would cause developmental deformities in any living organism, including human-being and that the intensity of malformations would be dependent on the intensity and dose level of irradiation.
In summary, our findings support a strong direct relationship between natural background radiation and disability and thereby ascertain that natural background radiation is a strong causative factor for birth defects and abnormalities. As radiation pollution is a major hazard sweeping across the globe, it is essential that authorities have to make a thorough monitoring and clean up existing radioactive sand pockets on all the beaches across the earth.
